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i'n* •‘At’ or* to ' U*lr - *»ci*tJon 

for » ^vXc<* vn: < • r*»i«?*r*J hy *j 'ocivt* 

rcf^' or ’. . Tratarn, -e? Tt~r»rt of -ch rica 

in the conception i thI *irrr::tion l t' i n nrolect. 

Aclmo • le<I« e; * nt is *l?o T ' ? • ■ or t^e -i r**j st- • r*e 
cf -'cMnist /. Levant in the oonstr "tlo n *f 
*se ‘.nia*l >le.i«nt9. 

Other ••nabers of tb* f*c\ilt ni Al'lrfl 

«.«t*ri»liy in c r^yinr out v-rio ! ”» of ttie 

* 01 «. wled^eeaer. t ie a *de to *11 for their 

int> re*'t na coo emtion. 



■ <l: Ij 



I \ :• 



:ac' in* * • construct#*." t\t '»s 

intend** to dpliv'.: an i: mt lo<.. of irh *n»r; , 

on o tencil* poecinon • t areat? v.-r;in.- froo lO'-K?: 
ft. er Toeond. I»t tatlon , uein re:,i’t- c* 
ty • otr<*in #»ures ras set ;p to -e--»ure ini rerord 
strain versus tine at t*c mints on the *v"ple 
during t b»' period of rnpt.jre. One specimen *mr te*t r ': 
at 57 fpa «ilii this arr?i.'. e$»ent. -*0 other rpecic:*nr 
•er» tested 1 thout instrumentation «t 132 ?r.d 1 <Si a t ? . 

Jtlen*’* tion vnd red' rtion of area di t* -ei e 
coir»r?>' <iti static values, tm hl.hert velecity t*rt 
•n elei rnt of V »; «* chine fviled eelxsnically «n! • -t 
n end t. tentin* . #*nlt9 iwiictted further 
•«iodi;ic< tion? of '» ct-Ir.* end instru*s>ntis.tic>* re 
npc-'Bor;. before latyc-scnle investigations c*-n be 
und*rt' T ©suits of teste on 2S aletinwi 
increasing ductility rnd reduction of "re a ~itb 
increa!»*d v-resd in region beyo i* critical p<*e*d o ntr ry 
to u’u/illy . ccet ted theory. 



- 1 - 



I * li • ‘ 



1 r»*tr et 

li Object 

III Intr* ction 

iv .s P «ci»i> n* t»rji • - ten* 1 

V .p; ft.rr t”.s 

-^ct **cMne 
•. lnstru-imt-, tion 
TI Test Irocedure 
Vil Ir re t a rities In tccti’v 
'•’III t* -.n i \oeu.Its 
I* Discugvion 
a Conclusions 

-I 5»u_v *3tiom for future -ork 
A. ireent *cr>rrc tue 
. future ork 



1 






II 

11 



£3 



•:n 



34 



£6 

4 .? 



All IketcH*#, , nod pKstorrept’s 

tlil - 1 bli o.i'^r^cty 



II V. JfcCi 



1. 'o .«VT»lo r ft ri o? ynf r ic«ll> Lv iln. » 
ten i l* **eci*-r<n t velociti**- -»it> In the litit* 
of 1 < '. I too f ps . 

Z. to ‘'etfr. ine ti.' tensile • ro^frtiec o : rloxintK: 
under hi tb velocity i^pj-ct conditions by oenr.* of 
• n el'ctricfel strrin ins lroctly ttrehM to t^e 
sn^ciucn in the vicinit; of fracture in-? by coo orison 
ol elon-ition . nd reduction of nr*a at v ,rio is 
velocities. 
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in ihT'C*, 



i"\* ev*r- .0 until) de ii-i for •«c 1 ml ore 

?• e**3 in thf rot*. tin «<ni tr. nslatory devices o' n 
•Oder , technolo, . that ir renchin for the 1-i t 
friction of incre- sed effioiene.. hv. 3 , in t e !;• t 
decade, confronted leeir r«ers . ni on. ineers it t: e 
problem of deni nin. for ismael t hi*h velocities. 
Admittedly the r'roble" insofar as stren-'th tilone is 
concerned can be circumven ted by liberal applies tion 
of very arbitrary safety factors and this, in general, 
h-- s beep the rile for *U tic strict, res. ^here re 
certain fields, however, in which the rewards accruing 
to superior de-i/m thpt tj*.<e3 fullest advantage 
of t hr true ia ct strength of the materials Jn u?e 
i«re so rich t -t the principles of *uch desi 71 et^ods 
c-.n no lon«er he overlooked. .his is aost tru- in 
'-polic lions "^her’C ••eirht is is. > or tan t inctor 

j*td -erel: Ir.ttwnin up * '.oction c r nnot reel ce a 
thorou-b and lo. ic .1 stro; s air 1/ si'. 'ordnance 
equipment of v rious t: n es, "both projectiles • nd 
1 uncuin structures, *irci Ht eleoento. bl-'^t-pioof 
deci-ns, '-*nd applications in a yet unpredictable •tof'ic 
►n f r / technolo . , ni bt be Hotel .von- tl * fl«*lds 






th^t oil •>*» oct oy a comMat* p-roritlc.o 

of the IiIaU velolty iap«.ct ox obi?- rt'. .1 tl»/» , 
it .l r * t r» por.ibly b» e ect^d, in of 

iy cr efficiency a-reatar erono"7» 

Jrlor to '*bout 1P26, v*i , littl* kno*n 

of t r r ber-’.Ylor ot «&t- ri»lr under hirb velocity 
lo 1 In, . «t t' t ti e . ann c- rried out a 

seri-’^ of torts 1 -" Mch opened the field md 
r into' up ti e rrev^ilin/ i£n&r .nee of tie fun; - 
^entnl theory underlying the phenomena observed. 

It ay be s^id that the regent ti on of the subject 
ur l£"iti- te r->ljtic-.l brenc of jmt^rislv 
theory c-*-”e ait the reading in 1P41 of ■ ..y*' r 

by iheodore Von Kar . r.n before the 5**E\tionel .cede 
of jcience, the 1 ror.p^tlcn <>f f Ip r tip . efor^ation 

l£ 1 in -hich *■ > a introduced an <n.»ljrir 

and • theoretic? 1 bn. i" fir the b--hr t vl .rof *»teri»l« 
under 'i velocit impact. ince then, *ev- r - 1 
investigations h ve been carried o it rhiah huve 
•• 'bst^ntlat- d in >o ,r e evv» von :■ »r' r in 1 r ^roi~o*ed 
theory, -nd in its «*p 'do! for - it nU-nrt* to J cy «• 
the ruthorlty upon 'hich the ne t idy i " ba^d. 

Jt doe.- not b.r itself rive t* * n t«. /net ->» tl e 
theory of el'ticlt. loe? not eolv-* »ll rt tic 
robla < *.<, t » vjp **r r - <r - T 'orV i* cle»rl: It" it" 



-• 1 - 



non-lie? 1 con^itior * . It 



f-o ‘Vi, ’ "rvp \ • \ cvot . unction \)->o« • ic' 
1 r** ti s. tor* can ba**» future j»frcvrci ^o.lect:* 
into t rc * ^cific auoeti&r. y of !• *• 1 lcll. 



;l>y «. i '» Ci I t 1 t 't ^ 

itfoin J> * el' "tic 11' It o' * r t^rl'l, t e 
'■tre**- In • n*’!. infinite b»r •! t one eni flre.1 
•i'Oo oV'^r cr'l 1 li ft.' nil - sucJ^eteJ to nv 
veloclt; f Q ci' '-e not ut* fro--' ti folio *1*/ r^lotlcn- 
/.ntn: 

e * / 0 t» £.1* e . < . t 
"re e. *= tot*l ‘tr-ln 

V Q * veloclt f end of -r 
t * tl'»»e 6ft >r v*locit> totran 
£• * unit e -rnl In b r 

1 » l%*r.«t’ i :tr«in«J r ’.rt of b r J * i«t« c* 

tro: • t« *? s pro>r«*«e in tin*' t. 



c * velocity ' ft * at* *= 



Ai " 



rr 21±LJL 

< * i * 1 1 * I t c "•/ 



t. 

ctil^rlel 



» « <c . c 

C- * V 
-J2. 



ii'ii ttnii In prt o- f bir ^lin, • rv 5 : ■ ft" £ . * • . • 



o' c 10 / ' ' *'c nt l r ' !? vrul »>r too* t •» * rt**»u lor 



oft * «• <* t'~r<i <-<t rMi'Til -''■ 17*1 1 * to *•' ► 1 * * ti* 

r *•: • ft lr.tio’-:ei' • t>»e TMi*b-» * lo r ' ^ ^ 

b <L 

vubstitute for to iwcludi t ■ rl»<*tic region of t-* 
stiest vtr- ln c i t* . It tbam "ollowi: t»’ . t t ( e vlocit; 
of t i. street ncva beco es, 





.'•o lor Xti9 ••■me c se ff tbove in boU el%rtie *.nd 
r l*»tic rentes 



*o 




by nn*'lo*’y 




ih’ n il t i t I - v 1 •>*■ corr - •: •. r. to 

>>• tr.ii'' it »»h c' n*ccir» b# ris, , 1 

rt-’ olred lepeet vrlooit- t c •* ■: ■ ri ■ t ftilTSare 
t tKe savin/ 'O' •*>„ f"? . ic tc . 



/ » 

o 




'•lven t‘ * 't' tic «trr* , » stn 1» cirve ir t ' n* t*ri« , 



o 1 th» lrt»f-r »3 c" be 






v«Iu# V Q t ■ n kn . «• the "critic. 1 velocity 
or t> *t velocity ■ t -*'i c frilur* *111 occur . t 
the f tr*** #ri*3 o' the b r tu! no i-.etic 

Ipfor* lion ill t-** rl A c* beyond it. 

his Iailure ir vuppoeeGly r >r.. cteri • *■ ’ '• 
lo* >*b*orrtion of energy an 4 sc 11 total elon, tier. 

It iv i»f‘orta.nt to not* th« t *1 though V 0 « •• -p- H^d 
to the one. of the bar is asswe3 constant, it a/ 
be ■ ttfcined in ny e-nner on 4 'ftlll c-**use failure 
tho^h^in the |r«|MUlrt cam, Jastic etreins 
>..-y be found in re^i;.nr i moved fro*, th* end. 

•ha above discussion tlth^u h necesmrily 
ubbrevimted , ^remnto the nrinci •••■ 1 points of to© 

• ner - . 11/ ft cc*pted theory < r overnin' hlyf velocity 
ionact. :hia prpor presents in th* 'ircurrior of 
result', n aoulication of the crltic-1 velocity 
concent to th* . terial bein’ tested. 

In selectin' topic for theci -or 1 ;, t- e 
investi, etora decided th- t it «*o Id be • *\G r 
or-vrd to f ve «vi«.ll*b]6 at t ’ ' Institute, . 

• rMr.e rl t.h •hie''- hi- velocity 1 o%ct Invert! tlon* 
.1. t bo ccrrl- d on by future workers. .here re 

very fft» me nachln r r in existence. It r*c honed 
t ••or’* *o’«ld be con - let*<? In tin* to ello* 
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s .. pie t« »t. o ‘ .1 *luus. ? < rtf ■ <" tr 

:et r< ir. • t info- ■ U.ti i.i l.t >t • *: tained. * r - 
r . rr-r.er i rid c: let* i t’-- 1 ., of ;.i/ h 

v loclty to. -.ct ur- €v-oi\t lncl •- <* c >int 

to roiat cl»te r »ir ■ tion of » . > strain in 

the •/"- pise tic reives of simple* p .bject'*'' 

t tso^He. compressive, bendirn , ;<■ , torsion* 1 
■ oice*. *lxi -o’'ld b* a fore ideble wider t? hi n/ . 

It "as decided to re-trict th* rro,1*et to 
t«m'ile tpftu rrlio-3 to conventional tensile 

• ■"•xciRens, to sca. ure rtrein et : •'vor^l rolnts 
on t’-r •-'eci en, end to confine instrument, tlon 

to the t s rt<juired for recording strain vertvr tl e. 

1.' loiplies n*gl- ctin* merry o fracture, & 
c; -i .ct»rl5tic considered ^ost i«*portr>nt In t» e 
conv^nticr- 1 Char.y and I?od t- st . o^rer, 
a ; t elltin-ry st x.y cf ’ orv -’erferv.-cj on t'>* 
cubject lndlc. tea beyond re«»*onble doubt tbvt 
•. t rcl lively low v loci ties t e mer.y absorbed 
b;- t e tpeclnen uovroaches aero. Ibe work 
c jntaur 1* ted belts, beyond t is veloclt* ran. e r 
it * • c decibel to ne, l^ct nor : , u* indicative of 
1 ct rrovertie? arl to concentrate efforts o' o 

• ft ) of 1 ictilltr. >rer*. on- str in 31 etrlb - tior 
In tb» rr*ei»wn. 
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Li . >.Cl . D J - It.i. 

inr? .t.ri 1 use*; for ail o- tw top t* »rs 
2S al'i iuut. It <*p lei e^r • *" ftlu *t« 

biii' * tv c ■ n- • . 8Ub** 1 *.*’ntly wuchin®) to the 
s... 0 a*' m in 1 i . (1). ibe r eci ■ na ahoTO 
• it. t u longer *r*fl • -er- usd for t.' tic test* 
an) t>iose with t e s ort ends for tb« ' rn» - ir tests. 

Ihe v t ■ t i c t- st ere -de upinr a ie ilf , 

(-.0,000 lb. e*rj.eity), lo*dinr -c.-in« t oi •• .purine 
to® load fcrd -r -6 Electric rtr : in vc.r* for 
.e<.»'irin<- th? *tr*in. K ctress vj. rtr-in curve 
rjna : lotted #ud the r.hyeical chi.r%<?teri* tics of 
tr*= .'ateTlel was c^n-'tod pc £ho“n in irure ( ). 
i'iip >•.«.' 1 *as found. to ■ ve t • follo^in#'- 

c»:-rNcte-ri« tics m'er static c n'it ns: 

1. Yield stren»-f it permanent net of .00 QZ ,n /„ • 1 , 

2. ItiJ.'it* ntren/ft, of 18, C pr i 

3. . -Ion ation of i'O * 

4. - election in of 01. 1 ■ 

. - 0 C --1' r of elertlcltjr 0 f 9 . J05 r 10^ 

It »l first tho« ht that t h * trstljr. •• vro c®'> -re 
oo - -I ) b* 1 - plie'l t? 1-* crbon *t»ol »-inr® it 

i* IB snot co’^o’ ns® *o re - ‘11. obVin ble in 

-■■•l ur.;- pr./r#. it *»r :oon le'.r<*e*J Ua t 5 :® to tt.e 






r l-.tiv--.ly hi strength o' . teel it »» • n**ce«r*r. 
to -*-■*.<• ti t«otin • c iir.tf uo ' j la.x. *r th’ t- it 

• o 15 1 iv^ to bo if i t t**: ** >r * ■ cn ^o.ie Mtwl*l 
•It lo*«»r etro • t ch.»r»« ct^ri *tl c<?. 

1 If. vtlca vere the v cornier* - r. o . e.ntert 1 
t.it t be tested, but it »* :> le.->i ned. I t 

the dritv U-r.t could. bo obtained fro^ strain »'V'» 
oald be li -it'-d. This is true since the electric 
strain l i*o i* only capable of irdieefn *;tr-in u~ 
to a certain limit, at *hich time it •ill either 
break or the bond between the a er * nd “'teril ■•ill 
sepe-T-ite. »ith this in vtn* , it rill be ri-.nle 
to se tb‘ t ,-hcn a ot terlel such •* rlartic it - • 
vei / lo- o nl ie o ' elasticity ie loaded it - cold be 
ossible to re-ich the limit of the str»in ere tnd 

• till be veil below the elastic Unit of t*r **; t«riel. 
or this r*\non -lr'.sticr tore not i'tl r * - ‘<':t^risl 

f. r t 1 - t*f.t* bre-.nre Jl «ee*».e-«i ifivis*ble t - t t> e 
res ltt o- r the te^ts iv- do to prrtiinln#-' to 

t >• bfiavior of t'-e r*t«rtnl >p. to t'-e r i*ld >rd 
as j beyond ;>s t' r r triin . age o Id er it, 

it -<«• felt ft-’ t uwe of 2 5 • 1 -•imp-: rer repeated a 

co" f ro«i»e bet-e<-*n tV- 1 ol t'-l nr* r* 1*. » tl ^ , 1' 
t- t it *o -Id yiel-i ti e de-ire-^ t re of fi* ta it o t 
r*'. -iriny * l:r--e r loce o-' t- stir- - r< ritu». 
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... . ■■ I ■> 



I . ■ ' . 

r** >'*ip , ctioT’ .-f u* t).t : . . . t . tiu ;** <2 

<wj •'•vn» 'icnll; 1'' ■ ' itv Vp s r • cir.*n rr.- ~ »rte e; 
c • jr- • r c r. .i i t prln r < 'eve:.*l 'wcf •. *b* *pci'i'" 

*■* •- flr t il* tbr t tli*> CM r !P > lould rorrr.f [) 
t’ * folio*!"' ^o'irfcblr efc.*i*i»ct»ri«* tlct . 

1. 7 c r . r f 2 cv ntrol fl t" 1 j tb* lift tt 

of 1C»C IT'S .r.d f :■ ) frr . 

• • - • "cblw or; lcp ?in- gp*ci n »n In te nM . 

1 A -rr - believe’ ti. 1 lo " in- In t 1 is n-r 
.'ho* M yield re-- It. tt-rt co‘ 1* r il> be 
<*• •, a? te *ell . t-Mlrb-i ' • t. n -B,tsrl*l 

ch/.rt. ctcrl tic ur. ^r static lo» in< c n-iit o' 
*. il^rl* In a« *•!,■ n . ?Mi • necB'fry ilnce 
^ho’ ficllltlCK * j O‘‘lS not prr It the *• 1 » 
of <v » * 1 3 c *e' ■ rt f re ?lrln* f r ur o' 

’ 1'h ••recision e',ui,-rnt. 

•' • • 1 • t lr »el bt . n ! i » v >lr Itu 11 ttl* • : o' . 

hi: r* 'vlr^ert »r * r^cp r In rl*r tVt 
tf <? -»cMne b« *■ *11/ tr* n.' por t« •' i“ 

»*«f->:bl*fi. *-ithlr tt" c .n.*’nc» of tte !• \ or tor; 
T ..-'.o o? 4 p lo»> "in," m «t‘o<3e vnd'r consider* tl o* r< 
t * folio*: : 

ft) 'ojtetll- r *o ' »11*4 by •••' • ■ t)1o' 1 vp c v r e. 
t>) irojocttlo i ronellr* ’ • co’ re-eed >lr •• •>>"«« 
in 1 ■ ur* ( ) . 
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c) x '■ '■ . C > i 1' • -* 11?. j ■ » o l-« l Xn -I 

. « ■ »n i»» : *re 

4) t.-s ir r*l< 1 1 . . in tit. u » 

1 ft f .o*T! i» i •• ■ to ( '■»). 

in enar»l ti.ti t;rc «i* log’.ln/ - .iicu 
a- 'n • i i or or« In *»♦:»’>' !o*o ■ ot 

1? ' itsoif *>ell to lo 'll sine- t • i- « et 

f?rce ••npi «.* trur 3 -j 1 tt<* . in i ictior orcosi t* to 

♦ n". olon,' *hr gw, r p<-:tl r . tbe ~orln.. pro.'fctil- . 

M*< h» tf<* l*:/rntt •* of re.uirin.- i cc-'lJcnted 

co •; lin "fit* ‘‘?n t r.oint oi ilr«>ct lwp*ct u t. • 

en of it - *r>ecir-en, • nd furthermore, it lr.tro4*>ce« the 
poe«lbiiit.’ o' *cc®ntric on tb* » *.*ci- ^n. 

>.notbcr c'icf if 4vf.*it •• o' t*“p -ro.lectll'' 1* t -t 
it ugt fcf po pro ortlone- in Pltf t ‘ it 3 lvr » 

eno*.' to cos :ess Rde.juat# brr* ,in i.. r at t'“ lo*' r 

v*locltif‘ an et tee r< :© iisce be *<• • l. to 

peri.it it* bein. r*of>ellV'd to t'.** Ui|fb»r veleeltiM i*flnr 
t * fr-i.e At prat • • *-ith lit.it- 1 rc fioiliii 
ioie i ^.fflt- th* t •. i i f f erf nt iroJ«ctil» :: t bo pp lor 

• v ir..v« o? V' loci tj , .*11 of • ' 1 c furti*r c - 
:iic*te- t •» » irtt'.e. A ot c -or tr.e :‘lrir> 

*• rr\-y etil« c -tr l^l »•«■< i? /. uir?i>*ult 
r M#»« 'it -in it 'r c- t r-t 1 1 i r.-.j.it r 1 • - 

lie! t . in C . 1 1 : iCt*. r. SrP*- c n’rol ■*•*> 
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derre*' ri s eeoraey u-tn. *' p lo in c rr* is 
-• 1 • t i’ ’>OR"'iblE t- o' t*in uni, t' «re.'ore , 

trdi! ct o* i 1 sc rt *d r> « po^rlble choice. 

4he *-*U o<3 ?in- c ^nr*- » ir • * * cmni^erf 1 

in detail '*n- it r •• r.un-i that tne ».cin* to Id be 
too l\r*e vt. »-.ld require too ~<uch in tl*e «i j f 
t.recis*. “C''ine »ork in connection *it the 
fabrication of tbt? cylinder *-nd i:t?n air 

.he aethod v,»in •» orojectile roo^lle^ fro* a 
rotetim rh el »•*< i- c rded beca^-p t<e bill 
' rojectile had to be a 1 ro>in*tely 1& inchee in 
>ie eter to bt^in the desired etrikinf ener . »Mch 
requires an erce- sively larf.e si-eci en, ’•heel, 
race ;ad driving •. otor. 

It e*,a finally decided that th\ rotating 
‘•erice us in*: a forkr hc-m«r, (; ? sho*n in Pi ur-- (<)) 
w%« the rethod of all those ccneid* e 1 ’ •* ich best 
suited the ni-rpose. •etiiled inl/n calculations 
in i cited that it could be made in one B«>all 
connect wit, it co Id he made -lth a *inim* r of 
«C' Id* tools, t-nd - o»».*e:Pd the di ■ tin lirhin-- 
fcvtire* oi i 'Vin* ver> . d nre»*o control bain,* 

C' -1* of loa in -peeisen in ten ion. *i r le 
*>n i Jirect co rle >’et*e*r t •* roint of Jffnct • 1 
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t t -cl ci. '• •!!,, ►.« teviil 

by "-in • rrct»-n "ul'iT bl-.rty »r»- fl-i c-ll#-- •• t‘- ♦ 

*<11 1b *tti i* ‘j 1 e>r .} to t f ri,i of fee 

e »< c i "«i ' T < u* t ic" r' c» lv* . t ■ 4 n ct bl r ."r 

t 1 < r> e \ n-r. - ill*- tr t<- In 1 • < « * ( ). 

•■<• rt etJ *:n of ite .•'•chin* ^ ’ ct* '*• ' "in-lly .fed 
mr oif*"'- c t * Ue rrripf t‘ t It *o Id tc viv»r. by 
■ 1 ptr: c, it rect c rr<rt ^ tir - 1 »l i*» r*< • 

0 4 eo control. •• voter of t'A & ty e *v. v il* k .e 

•v lcr h»«J ft d rjt f bet^^r '00 1 :nr* 1 00 *’i’ 

*o it * , r!.>cltl»d tbvt it co-id be '**ed. i‘hl» choice 

ft* ct»-<i U»« di ' et*r of tl.e ro’. tin, rtbej *ni , 
t'ii«iore, - Jl?*#trr of l f** t re* ueci. tl i c « 
t. i .1 t. see b«t." .. tb«- cert r of rotition err t • >. 
center o. Is ct ec 1 to 1 ineb^r. Th* linear 

r clt> Llcn'f i bet e*»r t -■ e »n iliy velocity cf t f ■ 

•eerier s’ tip tri'io. r«lrcit; o - r -»» t**n; 

evolution* c »r i<<ute 7 .1 71 * f* r. loir • t*o 

to one Puller connection b**t-e < t rotor »n' t* o 
rotfttlry i»ftb»r %i loved t r * ibl; velocity r • 

0 1 if. 3 l n f to £6b fp . 

i- • i pi Mri- 1 »• * lr '»n in .-bot*.- rv'd \ to • — • t 
dftviei a i* t‘<e bc?t ftolt'tion to tt * ;roh\r fro 
»t • 1' lnt o? pi "licit# in on*-<.tio? in' conetr • cti o' . 
It cor* •! -te. -1 to > 11 rte^l t il* '• f.rtu * 
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•..if 1 * u tx . .in ' i »m». - f 

. c- - f <l. a ox* r«l^ t « r co; oi 

4 xin/r »it: *2o i»t«U 4 flft 

mo if! te in th*» ]i«.v-.#r «a »<j »« it to# r-j-ht -• « 

Tti * i in. r. k i « 4 . 1 n «it'« oro jrcti*’./ lny «•>. c. »»s/.*»e4 
i. tri- in, pi on. *r e nhren in ol’oto^i*^ ■ *.*« 

t<« c ntect b*t »-en %:>€ rinr lu. * n ti 1 tri’ *i n -r 
▼a - - i#, the rot' tin," lovri'.^nt of t r - tub* i rwa 

tr.e rin, to rot te ..bo ( t tfc« tub* -n<i thnr relate 
t e ha j'»r. The h»i- er to be rop ‘lied x>> 

e*ntrir-iA il force alon the r x«is of the tub* -.util 
it -mis sto' ed V t e pin *-‘inat ti * n-J 

oi the slot in t* r* tube. T» e ’cr/cd **nd of tb* 
h' ■ »er »x * then in e po’itioin to cle r the 
. ni to • «* V * t it i thuf S«j»*..rtin> t' - it ct. lo» • ir ,<: 

tut » .* ii«Elr»&. x he op orit- -ni of t; * t Jb« mi 

provide! • tr «. .e..n* of bAluncin*' the entire ret’ tin 

****•*.> ly. *v :ov<i> i* -ti, ut u^e. for t?i9 r rror e 
»; 5 act... ted by serf* tnrrsyt- *n'. •'roviOeJ rif 

- loo* ere*. 1 1. < tril l;, i-l n er * r * rln^ 1 *Jea 

• n. actuate: by A.e»*r i * o<-n in t r» r • U) ' . 

rt‘» no'xl*» of ho r t' • • CO Id befit he 

h*l- in % ' i«ltlon for tri<lnr ?l*>o t cieaUr • i- . 
inter: *> •». ice r» t tr* re.tr :>f f* i«-.ir 
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■ * lr tw.t n not r-t- • b f *• r-r--.ii- 

into *: - lot • p-i . in * ‘ to r-* ' The 

O’n-'Cti: n bot'-p **- 1 t- * t"< i t; • ^ r e t »» » ■ * -- • 

• r. Tp •.»> 'i' -»■ in * otorr-' in or-'cSr V" t V'» 

. trivia, lore- ▼* Id be tr*n n<i tie- f re t- t"r 
to the <= >t»ci' *7i uni ror-- ljr, thus •ll«inrtinf > . . 
c^'ibilit -f .-O' ci ; en fr^ct .r* *t U t T *oir<t. 

It seeded pdvis v le to fcvr c til initial 
lo»d on t'.e ?tpciner In ordei t It aifht be 
pro ; *rl> ; in t*e holder *lot ol in t ' <- t o. 

T v is •" r f.c'omllB *i bj -•-ins of ' Rrrln/ lo r ?ed 
bell erm' 1 on either ^idr o' t • t. ns •ho'*n in 
oto. rnrh*» ( ') r ni (). 

'be --ot.ofn- tube keyed to r rbvft 'bio 
r* t t,c -ted in fr.ll porin.-- :i ) c o/'lei to <* 1 1/4 • . . 
110 •; <00 to l’-00 *i> motor e-roi^-e: ■'1th 

5 «fcv"bl# ar^'turo *©re* control. t’ e drlvln- co»^l* 
■•t-pen t^e ar.*. ture ml the ’.l .ft c n?i't'»d o t o 
"V n belt drive *ith o rr lley r*tSo o* to 1 fr-' 
th* ®otor to the f **ft. '."be directi- n of t- ls " lie/ 

r- tio ••!• revor'^d - t t> e lo^er <*r*e - -. 

■ iter the *p lne, -• ori in- 11 ifMi "*d, 
n« a b"*n con^tn'Ct** i t *• • t» en r bject* > to ' r <‘rloa 
of teetia 1 - '*t r r-ir^ 1«t v o* it • "l* Hand *-0 
ird^r ' n* 'ct nr eon- 4 ! ti ot- f . 
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h# c . f i. 1 t**tei to invf nt'. • % te 

»11 1 o* r .i Y iliti*- ■ of ' • > tr •, ct i. . * 

M .v * *-*r 4 i rtf . jrpt Jrltin# tlip 
-ter. la* v*r .7 slcly <■ i-'l t» *»o r "<•11/ incroani >f 
the sr« e-i in to 10 CX> » , t. >in.\ aoticv of t. » 
oachine' " r«"’ r on*e to ri Ji.cueare in *•'**'1 m,: ar/ 
lrr* < ’‘ltritle* th-t occur e-i. *M- t- 1 pro v*.: 

t’nat xl ►' ;aclilmj 'as vtoierly t ivinri m t'-- t t e 
rot’ tin v .t .brr -a-' b.-l'*nce' * t> 1 1 ©non*- to r*- !i ce 
tronblaco r .« vibrations. 

The second /,rour of te»t? • > ° »->le In order to 
det' r di e bor tho tri ir aoe i:~ und t»>* • •.* -.*r 

*o 'Id ’ tani u; under operation. Thi te?t -r \ « re- 
pes. ted fovr ti-.es at lo» speed r.r.^in* b»t*e<5n &60 . 

% *d »»00 •. . There rere no ' ci>>*na fractured during 

t' e^e terts. i’hesr test- cl* ».riy i -dicsted t *t one 
-rc> ©nieal •e>.fcn»Es is inhere-. t in tM? t^e of 
■*c n -ine ; :,«**ely, th>t the ' in holding t> © b* . -or in 
lice in the tub© slot ~.u!»t be ■ * 'it' lir- 1 © „ 
be *»de fro.' hi-- pr-»de tool steel. the niti that 
*->* \>r <<3 «*£id e fro<s a/8" Ji»a*t*r drill rod. r t 

* r P’-'Joct to ben'ln/’ *hcn the haawer *i» tri < *■’ 
at •> sr*e'.’ of -60 . It -a* lo le*rnej tb»t the 

rin t hi e hoHe t * In in 1 ce and iMc f trirr 
the .. er «■•>.? n t *»'-lc to «-i t--ei»»*J the i* - .'t bloe 

1- ;rt* t: It ' en the tri T 'ir*- rl* n# er .-air ••<*•3 . 
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It 'f ks *o ***t it distorted in t r '.*» ? re vround t: r 
end <*i t. • »-* -clot • .ere t>» rlnir t »J driveu itself 
> '<la t t: e *'in. :fe# r cr • «oirt in m ot :* *t r •• ( ;•) • 

;lsce in the t >e In such a ''>»nn*r t a t it 
bear a.-inst the t- -cred edr-*- o t-e rin'. It *%« 
believed t<«:.t the rin *o Id r+£f,t ltpelf bat***en 
the ser ** cjfl \r.n v>lded .'’■'.ouider n the t‘ be r.-id 
t' us prnv-nt it .'ror. t rninf a «t t • K«re f • 

rin. co Id be struc by tbe ->in. this *-cr**» • • to 
jfurt er servo the purpose of ?ec rin V • rir> • in ; 
position after ino^ct in order t t it voulln't r i i 
•round .vnd en/te.-e the trie >lcn 'nr . in. 

ifter construction of the aehine had been 
co: letod, it hod virtually the ss-e for' tu de»crih*<3 
v? -it» only e li bt oodi H ca tion*'. The i . . <>r - 

»erv rebuilt in such • ranner th, t t* e t>oi*.-ht of tb« 

»r +&* reJ'iced b v about ci » »nd t> e cro ** sectional 
axeu of V > in m • increased by .“*7 . -T.e pin * e 
nade frow 1 a< 41ft0 rteol, *ss soxhei for Z 1 o o » * t 
157^ o sere ’© ■ In »ater terer#, t 

for t»o f 'our 8. Thp bn«oer uni tup 'ere « .tie fro - 
► =- 104& »oa» ed 'or C, hours at lf-7. f, iuenc “d 

in oil #»»•! t'r.-'treri %t 400*!’ for teo Ho ti. . h« r lr -e 1 

*■• *p® "•* t e and pin -xr •• nr, m »i’\»ri (15). 

♦ r.* rir- not rebuilt bec-xi-.e it co j I d be i*Ce to 



function ;i ■ -il t’ i . it • • 

i torttfi u u r : It r t** :t 

trisi r».M. *!,«* HMchinJ 6 * t*><*n rr.-.y for t r e 

- i • 1 t«*-t 'it' t' r <eitp-i i oI'-cb, tl 
ai ?'•' = 0 '>nt*d, an*: connected to th* r*ltt*"- 
inetr • <• r>t» . 



-i°- 



V Al! NA. 1 

• _ 'I J ure <*) 

b<> rroble if inrtrxrr p* t*ticn ores* ted 

▼ *« to A*vic< & -*t od o.* r# cor' in*, t" ?tr- in- 
ti- ;*» rrl*. d rir»r ic ct -t rer-n.l 

points fn tne *yeei i#n. klectric 1 »trdf. 

i-c'o e -re tr* only -v*il»*l© -it* the 

lnttwr. t»jt«o'--s rpp?ctis« r^cuired t> e cc’ir» tel; 
in die te t f ejfp nti >ir c n. e r th«t ooo r in 
int^rv 1 of ti- o eAi irred in Icj o- cord*. 

(>or e*Q«;>le, at 200 frs, a ssoderute lon'i* 
r -te, asruarin. in# tnntAneon© velocity ttdred 
by th *n J oJ the r- ci&en rith * 1" ■>. ye l*»n# th, 

it eould require 0.77 dcro- second ? f or the 
.ln-inu: earvde to exceed it- yield strata. 
r*‘ -ct^el time required is of P' 1 lr^e *.■ ctw. Hy 
longer, but ho* r .eh Ion, »r no on-- ’•no' , s.) 

Cf the vorio * ty; t s o: - 1 * trie , -res in xu e 
tie reddsnee tyre -r* -el' etc.' for it* co<u- 
■.ctno' S, .ji ’lic.it? , errondn * ilit , «j.d y- il- 

.‘blllt. . ine t.-e *08 f i tl Q ».._5 Hrl- ctC'l ol t • 

abort' rt (l/ ,k ") ,i. t c. len«rt>. eo~A*rclally , t» ln- -e 
• it* U yn- • ic ort . ri . eh*nr»#l ■ n- r«.l 
lectric rtr*ln ^re u- -ll'ler iec*ive t * -y 
cycle »lr«: 1 thr*--* n th- unbal* c<*<? volt- • 
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of 1 tone nrid-s. % . .• . -■ * li i*r 

If C • •• ' * ■ ' ! - • - 1, t oti \ i * v. k*-. • “ J ’ into - 

* l C'*-f»oe; < t," vl •-leetsic - • cl 1 lo.i r pit t;-» 

t 1 1/ ? »*<t Cv ^ri f i. l % cl* • f V.> rr»*orfl 

t'** * air 'J0* r ' trr ti.c. . T&e <r 1 vvno- <• t#r» 

»*re *ln* l«. <lr „«nt J2 t; ,« n \ * ^n*; 

: i4; ne« oJ »• - 1 '.Si. rjclc . Vh- - : . r -i*.e •• « 

ill- -»« lier ■*( . to t*Mt f\A v \* . - oJ !’•« 
hi i i »*t , ei dbl? ill: »j>eeJ , 1J70 M’ , »oic' 
corrt « . cnA«<J to ^27. f : or If ' i**c- ss/stc. • . 

? <ch . ti .► *csl^- inc*. coiree to 

u illi oeco:-&B. •. e -lett-. -*C k . r<3 oinl 202 - 
Audio .•-c.rliiior • , • as el tj X «*• a tiflr..? ve 

into t *■ .* t lv*f> 0 ' < ter *.t 400 c.-cl-?. -he 
»* finally isfl i! ? -n 1-’| if re (7) 

, loto r. j • ( i ) . 

-uto tic R/nchrcri '»tim c » f r-. '.'o» Jf 
«»n>. s-.eci.*en raptor* res * ''ic 1 *n* net 

solved *<ia '».Toi4e4 ‘j .maju^ll^ oneninr t r •» 

CBrntru •hotter juot ?r i >r to aopioinr. the l r *ct 
lo- clcUnc it l-wneiUnt^lr t rt-*r. 

s/.vr*XiU t>.''in. . ' vri!r ft circ it * » lr '■ t 

•«s«i f. ni to r -.‘cM.'iUj «y r/ •*- iav.u • f * 
o?iu.t ? irii tei ol- b .1 ce. 
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c * ft* -it • rt cr.libr t® . • ? x c= Hr 
l*»cin» .< -.nv'* r«m u . c® :n r »r. ii«l -it 
V * *-;tr»»ln - » « >1 not! >i t .*• 1 c -t • f !*•.» 

r lv .i' O’ B t?r . 

.. l <• C' .ic'>l •trv-tiu'bine U. choc* ter * 

Wij'iii to •ec.iuu o rot^tiona] »;*«• of tr.e #.*»«. ft 
tr-on ~ ; 1 c 1 ' the rot. tin - pv -»,i O'-- 1 ted 'or 

co .tin stri-in velocities. 

■J«# i"''.‘or t*.nt innovation in V.e inotr' w t. tio'- 
*vt ti»e n-r'olicati on of toe strain • directly 

to th<- s-k»jnle v t tn« forward &f»a r-*ar tills o: tf* 
red- cod bection ( i*?e " ho to.fr . p' (•)). It • id 
been tf.» castou in tbe cart to .iQunt the *> v.v » cn 
an »djacei t action *ricn trany it ted tbf if ct 
io > j to tl.c eveei.en. i'ois jnctice ssr-i «tri- 
►. * es .iiu did indie*. U V,® lo*-.J bein, '•lied t-o 
t - * cr\- of tl<« necir«n, out it no indiciti- 

o* t..< tr*ln -ns. ‘tress distribution <1 »rin* i» ct 
ii* t a specimen iteeli in ter.i a position relative 
to ol t of lo<* ttp - llcv tio* . It nn boM- t t 

direct -icii • xe*«nt o .-tr-Hn-ti •- parvu* of point.® 

o r t'i« ■"eci^»«n *-o - Id i-rovi’e ■ "««i» tor n»n*l/5i - 

• i non-ide-rl l-.-sct. - t* in £*>»;* - <> ot* ) 

o T ' t> • holf^ o' t- • firc-1 t h * rr*ci-<* r > i>* 

ef ort to Jeter®, eorrelsti'' r-'M*- * o' t * 
ur>' t' • 'lr®rt int'A m/m, 
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1. tr-i ' »cr# c*' t V c 

■ ....l* • t » • f'-irnl r int* " , - t<- r Irvin.' - . 

»*r» '.t€.; .n to? tu *»n‘» fl’^d holder. 

i, if.’ * circ lit-. >ere cosideted .*in», 
i/..loer co r « T action* to »hielie.-) l**d*. ts'l". 
c-.i' ti t l»»d*- -erp clf.«r o - 
. »v* brid •* circuit •»* re b.-i»nce2 •it> ?* lt'i«r 

P'oib* *n'j e- olit de ed .Ivi t ■«» ntt »t?rt>n, r t lo**«t 
• tt*run tor -ettin *> n*i rorkln uo to *1 "In 
tt'n. »o t f '■ t 'ini i«a p. sill *riu current »*>: 
lo*in . 

11 » circ it- c«ll K rat'-} ♦it' v,r*-. 

r-ri t> nc* in t'r •• o’ oicro-inc -s/tnc rer ■> . 
o ( •■>lv' 'o ••ter '••in deflection. 5 o* > 

C*lv no*ot#r in- nt n*»i' t- pa. 

6. i’ c - r r . - otor u« to a P«*eJ t * ti* inv *-ve 
*c<- r»cpvi»-i jr u«i* o’ tr»o*l*nt rh'-tt^r control. 

7. • rt oicMtif ”£ t ! tsrt*4 i «, 1 ^ov >t to 

<Je*ir*<’ nf- ?60 *• t*. ln'lict»*j hr t'' c >*>»*<* t*r 

bi* ..JJ utli, lur'ft.xe - rtf.' c«*"trol on otor. 

tHi rw, foVoc hi *••»<! *• efier 1 ?« tbt «otor f : op 
tor-' '• r« t r converter » t. 

•’ It ■ 'n r. f rill,, r ' *t t- 1- 

— “ 



Vciuc, c r ‘< t~. r; uti«-r o ' nv* ij . tri i 

r -.1* . on .c.Jn« tr' ' i t*5 i’ 

i c>, ct bio*. • • C > v r I »tt--r * • clot * i . 

\ 

: r. 1 t aone lr j»"c*ce»»ion r<v i'l/ s 
posfible. 

.. x jip volt- e red ee . - nlorr ?to r r*d. 

10. len*t" Mt<S reduced diameter Retried, 

^emp^rf to-e cf roo* f not'd cr.<: 'lift r’cor develo; 

.nd printed. 
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' ; i '• v 1 1 M J! 

h-: ’ * v - «*’ *' e lo r Mn 1 c*M» t» 

i la ’ 11 o. t n ■ » ob*»rvn<! 

th® ollo»in •»®c''nic , l -e.-. 'n*ne«s **ro 

0 1 t< •' * is t : 

1. h«r ?i- ‘Pieh i# ounW In t>* h >**r 
*.nfi *' ich slide* ' Ion - t' e slot In t:.i tub® 

•** *ub3*ct to •. brittle .'r cV : i« clo*e to 
c- . ter. :hi» f llure too 1 * i ce t f.e 
hi, t tintim- velocit. of 18 f f s. '-’he 
fr cture too' r rlvce #t • point *oerc h ***11 
s'an.e" critC' * 1UI. It i* believ'd t- t 
1 i ® f.^nfs: • s 1-reli » rep lit o' full/ 

'■r :*nin,* the pin. 

3. Tti# trir^in • rin^ -• e rubj®ct to distortion 
l«ri'i ?v j r* l -ft. t hie -Oner i ? -'ll inly 
% re?'ilt 4 too £?o r t • r-ie or ?» t- e - X nd 
*oor J*®lr.r-. ’h«* to th» t * oro ; i''o r * ^ 

iot *' *- iAte n >r ■ t* - iln pe.1* t<* 7*jf fi ciently 
1 : • i it*®peioni. h* 7«i; v t ir* o • rin.* * - 
f action Mk ken rational fie- i.T. r &/»ljr 

1 licult. 

. loc-»tio - tr • tri r i - 1 jo *r • * 



tv *1. V t • • •• ■ • r . ' r- le •.»<’* in . -.i** 

'O'itio 1 • rt»» tri 1 »j t r . t i i < f :<'» 

to’ of t-. # ti"> bmtor>' '• i k in r*to i • tlno . 

vi * •??. c 1 '* tb« t t ir occurrfl co'l* n* ***n »* c 
t.i* wpteia^n •.. * in*cect» ' , .»inc* 1 r. r » r rkg 
>*:e fo mA in to-*- to* *nd »hnr<> ti * t ■ o 

into U»# »n*cia*n ® * - r#»ilt o- ’n irrr ; 1* r 
1. W C'.nlitio’'. .>>i* i» • Yif] <*oerl in 

t " t \ olofrr hie OFCillorn :’h truce (rbotofTt*b J) , 

** » v H unduic tin >1 i' • 1 • Me 1 ’i*ini v .os 

in r>r. i-ni t »d* m i: t&«» <*reclt<»" er# olruc* -.nd 
illo»* to <l**n out it* o*n vitr* tion. it -ill b* 
not»d tvijit this trs*o* i» t- im-* on bot*- ct ni*«l 
.1 . ; #£ r*c f iv*Q t'.* #1 n i f ro* the 

£<t *s o- tb* «" f cl * on. :>'is lire M rit: '-.v * 

r*-Mt o- i-oor • lnc» t* * .1 nrrr co"l' »*ll 

h-v* b***n l*c*i b*»on' !*• ton to void trii iifficoltj 

hi cr eubjjnct to rot- 11 or. 

hi> h v»lociV c<" • * con»i l*n * 1*“ noi** do# to 
!'>’ rf»iit.inufi : t'd i t r ■ ' n c ti • V \* tb * '“o’or's 
• cortrrl ••an* ' ▼*: r » *nrltl • t V * i *r 
-"j* to t» \ * b*«vy 1: ' 1- t <- 1 t . It 

if b»li*T*1 t ;t U" lnr o” tb* tr*. * 1»> r r\ - * — r 
1\ • ljr r#e*»oti: 1M* for * •* -ir-1 frlrtlon " - r* ! . 

-:A- 



- 1- • 1-. v-i l »•' 1 1 . r* . J •» . li.*l# 

v' I tr t . 

. I («► t i ' o • ti • ••'In b, '»•><•« * 0 

• t to* relo-it: t 1 f -o*tly 

o os to U * blc S t xcc* 1' '• •■» * * n it c - ■> »• t 

b; Ut to- oi cotton »• *te n > i , y. ;>•>* ’• ,.y 

-bo t 0 Inches <!••« , -asn't d«* rn to 
ci •" ior tbr blo~ rl; . 

€ . Ihe ends- of tie -lots in bot' the t»be 
the fj»r ~er were rubject to f ft* 11 • c.-nt of 

nrsct rr « rr m It r f the i»r ;ict receive 1 when 

nr.' *#r ras thrown out. 1 >ls co li- ve 

beer. »ini«*i»ed by rovidin, . cx<'<>ion .t the <*n * 
o . tie »lot. 

7. .'ht. bF'.rin.. rn .-ort ct snnwl to T ' ic t 1 • to 
-• * •. tt* c'‘“n r bject* to -ote ltf.ml thrust 

t ..n * n untie! J - uo to t • r n b • re "nt 
•-.bou’ tt ■ tuor. Ibf c> nodi *« : .'orce' out** - !*! 
enc - •• to c c <*• i* ■•”» cl»«r*nce bct-o*n tne 
rh® 'tiler* on t u «t 1 rivin n t< » r t r;n t . i c ' . 

• his i». 5erl0'*-* bee t o t >be ^j»*e>bly »1 ' t 

r>om ,it rr o i tn in lrt»r.>i direction to c» •" t 1 • 

• - rri m boldFr to by t c v.»,%ii#r. 

lll**ln« Xi®n or r f n- < » *i C _ t , jr. t» • cl c it 
>•** nr»i r • tt • r et 0 ry •» ►vice*> c »a v . t«.». c. rl* 

i* : r**m ^n t’-e record*’ *irn**l» 
rxn” '). 'ull.- •! 1 l*r‘ • rr* •n'ee l*n'» *rr» 
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ur* ’ - 1 ini-tr t cb#s-l* • -r: r* r>.1#<5, 

i ^ov , It ii felt '.' \t * rr • re<1 vl'v-ln 
le.'^s '»!»** *«r* e • o»»r • ivi-lv ion . 

TI f vr. atl tri ii. of c •*: r*:tt*r i* 

not * 'nt:»;-ct rv a*Uio^ o* roftrol eioc« it 
c ■ 1 ov : r-e ot i rif f t' • ■•r- »nl or*’" 1 circuit 

liner on t*n* r*cor'i. It •’■£? n^cesp. rj, dee to 
in^bilit' to devise - ?> ti «i’i cto 1 synenroni*} ri 
••afttfeod lor ct •••orn o-pomre in th*- tiro lloreci. 

10. 'dcr-volto .' on the* lam in Vr-» o*<llll®tfr.r 
ve b»en the can*'*? of the f; int nurture tr.c- 

obtained on th- fil-. 'Mr *>r <* dno to ; *hortcd 
rhoo*st; t control n the orcillo rn h for « f irh 
no «F®r« * j s av il<*ble. 

11. Th* ti in w; ve filled to *»' r, e»r on t + til'- 

r^ccr-l to t*# »idt of V - "11“ bein ' lesr U r 

fcntlcip*iteA. It via b**liev» i «l th t tow f i 1*» •ould 
record tho lull l^nyth of the vi : u*l ?cre»n, -bout 

inch***, • .ere w it oetunlly e.-t»nJ*d only or- r 
i .■*/*- inch**# -t the left *t> ' of th© «cre*n. 
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il.oto. rul... (* ) 1 • O '.lit '■»: t' »• :il r 

r*cor: ofctiiin^vi o- i ..ct ..t .‘ 7 ir- oes 

:»■: , w” tli— **ro o *1 tic- * o* t'- ''o:- fd 

r#nr cul ts c: unte«! on tl.u tveeieen • . t-e 
. u ountod. on t. »• 1 ol-ier, ms * etivel, . 

li-.ces - tiid in. ic* t- th* in^l osition oi 

• .o .• it«r fr-ct ire «hile t © shutter 
still or>*n. a £ int tr- ce c .ii ■© se n of t r >« 
nut' ol to**!* •. frc.® it* ori, ln*l .Position to 
o*itio r . Th* * v«' snrerltrr •©' uoon tr* c*s 
i- :■ .'0 cycle pick- fro^ t * bridge-* * cl tin. 
o*cilli» T or. *'» iimlrw reve <r*s off Vo 1 11* 
to the ri~t>t ’nd -on Id i* ve nnovre i ©t t> e 

ri 1 t *rfin o’ th© filn if it had be«*n re'vll'ed 

that t©« 111^ di not t«* 1 tr the entire *i ' V 
o' th* yi^fln, screen. ? ort t* 1 t e 000 
crcle corr«?rondf to .0002 '»e. f el*.L»d ti> e. 

It»e .1: t *.ce Xro - tr ee A tn r« remi t© 89© 

©i cro-incA*e/inc^ o' rtrnin t t • ro ; to - 
rerr =f ts- 122C ol cro-inc 1 ’ es/inch. » l e 
*»i»t*iiie '.c« th* ** ii i« . ro lc wtia*l. 
:h*y r -b'j i »p*©»o»it ope r circuit - hj 
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-••.. lift' c 'trr * , jt , li • • •• b*n •• t •: >• » < 

.n -r'clmtv b^foxt t * c.reuit 

t) <*1 ml , r«ore*»nt r»ii il -trin In ti •• ct* * 

• :tr r ti t i«*-. ct lo 11 d. t apy r M 

i c, c ** Me*.M tl = t tr • *• rcc^r lin* le*<~ 

t k . “y • i^^o-^ne , 'es• of .itr-ii" • * 11 .001 of 

i r<so».’ ift'-r l-.v ct \lt>'c h O f-7 f r * h»-v #r 

tr v-li tl. 1 c h e» in t ■> t ti ■ , or i-ote t .n 
tn* total «lc: tion obi^rvf-. It ; o :T j««b 

tV. t sb* t- v © 1 • d vl ni f'.lf'. r or -i i r .£ or 

vat i*i ti> i nr ;lcc* ».t consider* hly be.lo» f'7 f ,: 
.V l«tt«r is t r «* •-.re li<el; crl\n\ti<D*. . ti'ird 
a-ltcr native 1/ t .c ro-»^ibilit t. :t fftlVMio. *trr 
r§« jiijr i< not rood eno-v . to ac'ar tely tr..cr 
t x l. the Inertia of tt# winror, bovver 
sx 11, i: finite .%n0 - iti «*r. *> trr" #>1)' r* .mid • r. 1 

it r ay t fine to srre%* out t. <• l. n 1 -«i on. tn* 

ti it t c ,; 1 1 . 

It it- *o*«ible tbit too rvi b * v-lu*« .. : 

*r lificstioA • * b usti Vn* ' ^cov ?i '• on ly t • 

li* »t i it of tf - ct 1 tr-c** before c ".in. t t 1 •* 

llr.it of > ’Tli 'ier out" at. c • : ( <*1 • Ul 

B.c-l'ici ccvrr <v. o' rc ’1" o ' , ' tt® 

U • f i rtor to be nt idered . 



it'* tr •* . iv# ft \i«ib> tr c- 

i i'. •: to : * It; '*.*o»t t o r the 
otcillor rrb >*.ic li it» volt---.* t.»t -.0 Id 
v » . : 1. 1 to tl*a 1 - *=c • c« • 11 t. It 

i» r 'Ot c*rt»iln t t tr .ce C, t • - on t.e 

r tr - 1 r»olJ**r, o' ii h v' . 3 . • ’ - y no tie". t> le 

r* . ’Ii* und*r a>ny conditio*'. 

Ihr c.lcilrtlonc , ive» ir fir- re (?) wn* 

»• o*t € -r«' hicr.lly in rif'ijr# (10) result ir o' 

*•'* lic^tion of t e von inr-.n theory to tr e 

ci cul^.tl ’n o.t critlc».l velocity for tl>« 2^> 
nil inun. This v lv.e is 1 nout 35 fpo. According 
to t< « theory sun t-rixod eerlior, -t inp'sct 
rvlociti» r ■ r- • ter tnan 36 fps, Tract re should 
b*. Ci ».r-.ct«*ri7,ed by *-.nnl 1 tot 1 elon * tlor. 
figures (11) r Ti& (12) shoe th t p-i-'orimer. ta.1 
da U obtained Rt ' l. i er hr ■ er velor’iti'S 
?• o* re<t*r Ion tion tiw.n under tatic con- 
itl.ns. 1 1< i ft li.-'ic- tea »Aii! the notJiMllt t rt 

*. c .t.itaer*'!fl» *ilfferr--.cfr c */ e:i*t b»-t~e-p • <*r 

velocity ioon impact am 1 tr’i* velocity of t' * 
end of U* ftftcol*. It la obvlo'-i». U ■> t ti*« v*»lr>c t 
0 L t' •• •'.< ' cJ t * s»-*irlp .-jut *- CC#1*T" te fro° 
iero to »n J i r ' t*rf»ii»ed »t ir ct -/ » t *-t 



t ■ ;> • o. i« 

*' ' t • * • • •> t V- !.<• i • - o* • : '•* • vj • c «<) , 

‘••'•l.’f r ' - t» -*i I .* * t. tb.i* 

i i" . -1 ' re lution* ir c*.' ri.-.ti 

T*loC)t, T ' *fi*tl* V looiT;. : . t # UrtS.7 .,»••. • 
o' O?* roil ir r\er r to cic . t i*: or. 

lro c>: int r*4t i* tt# loo®tion ol t 1 * 
r-oir.t .■ :r.ct r- on t) ♦ e*>- ■ le terteti t 1)7 £rt. 
( ccl->! he to I). rh«* fi ct t -t It bro^e 
fro« the -07in<' <*ncJ an* u*tro»«- ®vil".ee 
o- • a. 1« - ec«'in ml v t -ov 1 *1 be e rl^in* 

&> r tfn’ '"efltctio; on. -<*r~oo?l tier of »tr-ie 
»*vt: . The. >o 'ble-n' Cftlr*.. 'toe enrt l en 

r* ort»n ii prevlou?' ork.l 
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A.- tof i.x ** t .. t .'f nit- 

concluoion> r ill ot • bar* * ^r*n t >»• n« 11 
Ij j b^r ot t»«t* t t '7- -^r M . -o*- 

v*r, the t ir t' V ti ' 1 or. »»« 

to inulCii* t 1 » t tb* follow!' : *ct^ >sy »« 
us e r or r rth»r inve ti tiox*3. 

1. 1 nr brric rinct 19 of t?.<“ lo 'in **c''t:* 
us*** i*» t i* inve-ti, «tlc* i *■ 'our/ t ni ->*y 

b* * ti •? ctoril" -•-lie* to \ '•* c t t^rtis * t 
▼<loclti*8 t •*: • le^'t L.O' tr ri»co r ’• 

2. Tbe 5** of «t electrical re"! t ee tj :•* 
rtr-l t «, too ther «i tt. * ' cnerr 1 lectrtc 
ty-e i* -10-*'2 0 sclUo' r n 'or recordin' strain 
d’irln- in" ct is probably li 1 ted to velocities 
under 100 f e» t »*r »*cnd. 

i. l'-r-ii u tbo 2 for*-* * -i .• - l-'-cti le 
** en 1 'tided at veloclti-* •>: to lWr^r 

t> n .t i* unisr ttlc coni i tlx 






Ai . .iv • UJ 

>• * *tio»T- r>r r . tor* r 1" V' r 1 -* 1 

C t i 1 velocity 5 ct « r* * 1 v l«J m-' into t*o 

'ro ‘ , n >»ly, onr ,ro *.■ \c l r >'l <ie* 

e-> - * ftio'' * *rt-.iar. Lo edification* i tut 
t'^tinf pr ocl -:e .•» rr.tr* t *• . in this 

ir v- j ti -tio^i ' r - '• >otr «r r • »':lc i *• . te 

in • ■ r - ■ t. : • rt- • r •*> » *ri * t% 1 to ’•ct'- 

iji t • * - ; oct. 

. rtio'iy 3 r i*mver*nt t' • c. irtir ' 

iir T‘. t " >- ■ 'ollo-v 

1. ‘ tf*» rin, , h *r, 'in, tri in/- *r 

n t r o- tie i h*»t ; r'-.i.e tod ^tcel »v»il 

*r. ! • p c-rt i t t thr finif’ e-1 ' roduct is 

b* r t tr»it*i to ri®l^ the rrorer v >« 1 - <- 
* i* * trr th -*n ton- v n* *rt . 

2. 'e\««i/n to »'r -*r, nln •' ri n. to ro-’i e 

for 4 1- t«xrrii ic lo-dr ir rtf’ to th*-. : -*>t 11 d 

d«rl.T of *f.rte r-.rt- f ? in ( ; ) i* 

re co-' " 0 r tT-1. 

5. .Ivcp trirrinr '* • * * 1 y f*.r f r-- 

..f OoStibl* to "Void trir- in - .• -»t too «oon. 

.‘Torid* 1 * t'T'l br^c^T - -r t * ■■’•firin' ^ort 






t a ciJe t;i ice u • tr? Jt 1 n i 
I* * tt- c^ert. 1 r • < : r, . .;u c . r: tt • tr’.*t 

l L • d'3 ti. U tf i ri* . T 1 f . i Mi it t Y r • • "t 

t' r fib#. 

. r-.' ir. rt rumor t 1«»\1 n t: ii.i&U). l#r t 

rr> UT: ' t "ot . t'j *11 in> 1 • nir- 

i‘o u ti !' i itol ' • r 'dll it oft mn y >f:ov"' rlt»««tloc. 
C. 'ffl f« *n cl--ctrip?l trl for t>» 0* ■ '»r 
b\ t" or 'll io ' ri' ‘ tr * ri nt control 
to -ynchronisp c -•r« e - re 

'- .ct, or n**n cvntlnwo’ r i f csr' fil". 

?. - » v.t 1 c -tr in ( i V« len 'r *'It v » trr-' er« 

to »l 4 >*lnote rroxm'i’* on i.. 1- holder or 

lnt'jrf »r ft r,ce ’it h- • «r. -on t’ * •' *111 \old 
1 Pnt * ir. o 1 • ce. 

'--11 . . • »*>,#rttor •c'.’tp. 1 rn or- 1 r 1 
OJ tt • r 1 r* ft ;f tV« i< ct • o' ir.'- Of'i !' 1 *♦ 

V ivo ;• o ntin -cu* r tcor’ t 
ar»r*»ii on tt * f i 1 if r* crlj c-* 1 1* r* ted. 'i 11 
*i Ot ■« t.iof.l in i mv* 1 > 1 1# ’> ti • . h. ...cr-tMp 
r A l»tionr r in ' •t’ i i f * n v 1 

9. r ‘t* ' inn - •1H > ’ 1 In for ••cor- ir- t all** 

fin i 1 - ••rr lit ».*« . y . ! r.olo. 






1 . V • i ' : * ... Id »f t» If 

by . »i. . t.» tj.cn > oil*. ’’r. t w y. 

lOoli it 09 f.I l t.- ♦ l*v *r *<c 

lo*'x’». »'i, •■o'M IfcCiiiti.t'' rurtir.- r • ct*<m 

b. It URR«ef 9 S«rj to .*• t r , •» 

.-lot iri tolior, ..oi . o 11 -*»••# it *t-i*x to 
4V6 r .-jao‘.* . ' 'i incx* ' » i r* t non 

< c - . 

11. fcTt ■ i M on ro'.c ' ction of . • ie 
rt . --*n*ute v-rl‘tior.t In * ci- .'’ afi^r i* rt 
t 9 t-1 bettor oni - 11 piotir* of l»rtic How 
i< i i frent ^.rt* ol t' * lectio'.. 

1 . t »* tifin, curve oi • frc vnc; to < i ve 20 
cyol»« ?»r lnr> of r»cord filn. 

t 

1 . «'o»' Flier pteprin, u- r>”llev rtio frcn 
c* ■« r° "otor to c >*r* to obt' In «nccd 'reM-r 
tiuin H70 ft. n *r •l^ut*' *lt: -•» <»rinf .'IIl--. 

14. r'tp^r-s**' sitive file to '»bt»'in '-or# 

• jtlv* track. 

1;. olio ’in.' ••ttlr .*# on i<-.? trur.*n t# : 

(•) M te" • i lor .-ettln, or - o' •» f lifi*r to ***- 
•train r»»cor'. -.fin li'-itf >- il». . n «t**l 
■ O'f t-' »i r* u*«* 
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• V Vi r.» -Jv. it t’.xr tj • 11 'i rr. 

-'t- Oi , /.lv P 1 ' 1' r t n 
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( 'j ) * v. r'% tVi'l 1 V or l»f 'Ju/inr e 

I* i U • • vl ~it? lr trr C 1 . 
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!• •* f * • * i ■ ' r ot.*l. ;*rlr - r, , :ij-. 

-t/r 1'it cle*ri tne fir* sp.eei . •mill * « 0 vwble 
trtfl ; iir' 1» ti *o*i t! • to 4 ;• * ti * ’ to 

• -i t» U * lot; «• **scr;beJ 

in i c r#r*r. ce ( 1- ) . 

**/ c 1 ode i»; ceci llo "Co”- t- :bt-in rioft 

• •ns*itiv»' r-so®n>« ®n-l »js» hi: b motion 

x>ictor« Ci eru lor r*cor-*io» ^-cord. 

1 * C2r ' ii4»J* i on • • ’tic tape o* ™ire 

l • "q: r r ; 1 * ley l*-4 % rcr'(?M , c*:d io; *il 3 > 
r -c r . 

o', hi )«i rlsj^nt '♦It?' ’’ittlr l'»c t»r, deV r^ii** it# ? « lit'tive 
" 0l ibi li tieg i.) t e j * /ion o* orittle fracture*. 

. -r* • i, ' freed r otion rirt tr» c.-,er* ?a »r*eei««n 
■' r,r nr iiv ? c t to ’oUr-ine *.<-c nl-^ o* frrrt'ir®. 

6. evlse ■•♦cberir- to reoo»4 v*locit: o» tu ver nt 
t:, ‘ * ' n 1 * fr.ct’.re. >1 M b* * - by .juin. coil en 
t , tn U «tror. -tie rielo ,ro;nl it. :r 

o - . otic t.) J i e r 1 • c* ** ' ■ t 

vr r t.-o. i* *0-11 iv . -o*it]v<» ro C .- t 0/ 

t- r velocitv • r *fi1 -if o ,«# c 1 . 
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